Heat ca paciti es of two polye thyle ne sa mpl es. one lin ear with a de nsit y of 0.973 g c m -3 and o ne branc hed with a de nsity of 0.91 g c m -3, have bee n de te rmine d by adiabati c ca lorim etry fro m 5 to 360 K in a diffe re nt e xp erimen tal arra nge me nt the n e mployed for studi es of oth e r polyeth ylen e sa mpl es in thi s series. Th e heat ca pac ity be havior of th ese two sa mples confirm s expectation s for sa mples with correspo ndin g de ns iti es.
Introduction
Heat capacities of two polyethylene samples, one linear and one branc hed, were determined from 5 to 350 K by adiabatic calorimetry. The linear sample has been treated to yield a relatively high density value of 0.973 g cm-3 • The branched sample was one of the lowest density polyethylene sample available, its density value is 0.91 g cm-3 . The heat capacity behavior of these two samples, produced by different sources and measured with different experimental arrangements than that for four samples derived from two Standard Reference Materials [1, 2),1 closely parallels the behavior (as a function of density) of the Standard Reference Materials [2].
Experimental Detail

Calorimetry
Heat capacities of the two polyethylene samples we re measured with the Mark I cryostat in the Depart· me nt of Chemistry, University of Michigan. Ann Arbor, Michigan. The design and the operational procedures of this aneroid·type adiabatic cryostat have been d escribed else where [3 , 4] , and are similar to a c ryostat * Prese nt Add ress: Ge neral Elec tri c Co .. Syracuse. New York. 1 Figures in brac kets indi c at e th e lit e rature re fe re nces at th e e nd of this pa pe r. describ ed in more de tail els e wh ere [5] . Th e gold· plated co pper sample co ntain e r, labora tory des igna· tion W-9 [6], was used in th e meas ure me nts of the branched polye thyle ne sample. Container, W-lO. was used in the measure me nts of the linear polyethyle ne sa mple . Container W-I0 is of similar des ign to W-9 exce pt that th ere are no inte rnal van es for th e rmal co nduction and th e e ntire top of th e co ntain er is made of co pper and is re movable for th e admission of samples.
Temperatures were meas ured by a capsule-type platinum resistance thermometer. laboratory designation A-3, inserted in the axial well of the sample container. This thermometer has been calibrated by the National Bureau of Standards (NBS) according to the International Practical Temperature Scale (IPTS) of 1948 above 90 K; and to the NBS-1955 provisional temperature scale between 10 and 90 K. Below 10 K, a laboratory provisional scale was obtained by solving for the constants in the equation [7] R = A + BP + CT5 from the observed resistances at the boiling point of helium and at 10 K and the dR/dT value at 10 K.
To correct the original heat capacity data to temperatures expressed in terms of IPTS-1968 [8] , the following procedures were used to provide adjustments between the several temperature scales.
Above 13.81 K, an approximate correc tion scheme was used to correct the heat capaciti es to values th ey would have if they were determined by a thermometer calibrated in accordance to the IPTS-1968 [8] . This procedure [9] involv es the multiplication of each experimental heat capacity value by a factor of 1 + d (T68 -T)/dT, where T is the temperature scale used in the experiment and (T68 -T) is the difference between the IPTS -1968 and the experimental temperature scale. Tables of the differences between the IPTS-1968 and the IPTS-1948 or the NBS-1955 provisional scale are given in referen ce [10] , and in more detail elsewhere [ll] .
Heat capacity values below 13.81 K may be corrected from the previously me ntion ed laboratory provisional temperature scale to a temperature scale which approximates the thermodynamic temperature scale or the NBS-1965 (2-20 K) temperature scale [12] based on acoustic thermometry. An improve d thermometer calibration with an accuracy of about 0.02 K was obtained from a two-way structure analysis of the behaviors of a group of platinum resistance th ermometers [13] . The differences between this improved calibration and the laboratory provisional scale were then used to correct the heat capacity values in a manner similar to the procedure described above for correcting heat capacity valu es at te mpe ratures above 13.81 K.
Materials a. Linear Palyethylene
A molded piece of Marlex 50 2 was supplied by Dr.
Raymond L. Arnett of the Phillips P e trole um Co., Bartlesville, Oklahoma. This piece was mac hined as a cylinder with an axial hole (to accommodate the thermometer-heater wall) and was then loaded into th e sample co ntain e r, laboratory designation W-lO, which has no th e rmal conducting vanes. The de nsity of the machine d sample was de ter mined to be 0.973 g c m -3. The mass of the calorimetric sample was 87.121 g in vacuo. Helium gas at a pressure of 815 mm Hg (l08 kPa) was sealed in to aid the thermal conduction within the sample container. Indium-tin alloy (50-50) was used to seal the top of the sample container. Apiezon.T grease was used to es tablish thermal co ntact betwee n the sample co ntain er and the heater-thermome ter assembly. In order to minimize the co rrections, masses of both solder and grease were adjusted to approxmately the values used when the heat capacity of the empty sample co ntaine r was measured.
b. Branched Polyethylene A sample with the designation DYNH CT-1660 was also supplied by Dr. Raymond L. Arnett of the Phillips Petroleum Co., Bartlesville, Oklahoma. This sample consists of cylindrical pellets about 5 mm diam and 5 mm length. The density was reported by Dr. Arnett to be 0.91 g cm -3 • A sample mass of 45.122 g in vacuum was loaded in the sample container, laboratory 2Certa in c llmme rc iul equipment. in s trum e nt s. or mat e rial s are identifi ed in thi s paper in order to ad equately s peci fy th e expe rime nt al procedure. In no case does s uch identificat ion impl y recomm endation or e ndorsement by the Nati onal Bureau of Sta ndards. nor doe s it impl y that the mat eria l ur equi pm ent iden tified is ne cessar il y th e bes t a va ilahl e for th e purpose.
designation W-9. Drie d and purified helium gas at a pressure of 190 mm Hg (25.2 kPa) was sealed· in the calorimeter to aid the thermal conduction. Masses of indium-tin (50-50) solder and grease are adjusted to approximate the amounts used during e mpty sample container measurements.
Results
The experimental heat capacity determinations are listed chronologically in table 1 . 40
FI GU RE 1. Heat capacities of 1 linear and I branched polyethylene samples.
• -Madex 50. 0-DYNI-I CT-1660.
in creme nts of each dete rmination may be inferred from th e adjacent mean temperatures in a series of co ntinuou s det ermination s. An analytically determined curvature correction has bee n applied to the observed values of tlH/tlT to correct for the finit e size of the te mperature increment used in the heat capacity dete rmination. The molecular weight for the repeating methylene segme nt, -CH2-, is take n as 14.027. Molal values of the heat capacity at constant pressure and the entropy and enthalpy increments generated by a leas t-square c urve·fitting program are listed at selected rounded temperatures in In th e course of determi ning the heat capacities of the linear polyethylene sample from Series I to IV, there was a loose connection in the circuit for the heater current measureme nt. Therefore, the energy input was calculated by adjusting the observed heater resistance values to the known resistance values obtained from previous meas urements. These corrections ranged from 1 to 3 percent of the observed heat capacity values. After series IV, it was found that the top of the sample container was pushed out, apparently due to the large thermal expansion of the sample at higher temperatures. The measurements starting from Series V were made after the sample container top was resoldered and the container was sealed in with helium gas at a pressure of 719 mm (95.5 kPa)_
The heat capacity of the calorimetric sample of Marlex 50 is about 2-3 percent lower than that of SRM-1475 in the as receiv ed condition [ll-Th e differences are probably due to the difference in the densities and the degrees of crystallinity of the two samples_ The density of SRM 1475 as received is 0.955 g cm -3, which is slightly lower than that of the Marlex 50 sample, 0.971 g cm -3 , used in the present calorimetric study. The higher density indicates a higher crystalline content or a lower amorphous content. The heat capacity of crystalline polyethylene is lower than that of the amorphous phase over the entire temperature range of investigation. Below 300 K, the behavior of the present linear polyethylene sample agrees very well with the values obtained by interpolating to the corresponding density from the behaviors of three linear polyethylene samples of the same origin but of different densities in figure 2 of reference [2].
' "" When the heat capacity differences between the Marlex 50 and estimated completely crystalline linear polyethylene [2] are plotted in Figure 2 , two regions of more abrupt rise in the heat capacity differences, around 150 and 250 K, may be noticed. The higher temperature rise has been ascribed to the glass transition phenomena on the basis of adiabatic temperature drift observations [14] and volume relaxation studies [15] _ Heat capacity values for Marlex 50 based on IPTS-1948 and NBS-1955 scales were used in the difference plots in figure 7 of reference [2] . After the values have bee n corrected to IPTS-1968 re presentation as described in previous sec tion, th e irregularities in the region 70-90 K due to the joining of the two scales [16] are diminished in magnitude but still noti ceable .
The heat capacity behavior of the branch ed polye thyle ne used in this study is very similar to that of SRM-1476 branched polyethylene whole polymer [llExce pt in the region from 100 to 200 K, the heat capacities of th ese two sa mpl es and oth er bran c hed polye thylene samples [17, 18, 19] are in ge ne ral slightly higher than linear polye thyle ne res ults extrapolated to corres ponding de nsities (cf. fi g_ 2 in refe re nce [2]). Thus, the c urves of the difference be tween the heat capaciti es, fi gure 2, of th e branc hed polye thyle ne and 100 pe rce nt crys tallin e lin ear polye thyle ne show a more pron ounced abrupt c han ge in th e region of 250 K than th e corres pondin g c urves for lin ea r polyethyle ne and almos t s moo th c urv es in th e region of 150 K.
Relativ ely large positive te mpe rature drifts have been observed durin g th e measurements of th e bran ched polye th yle ne DYNH CT -1 660 sa mple _
In th e 200 to 300 K region, a maximum drift of 0.01 K min -I was observed at a round 255 K. This is probably similar to th a t which has bee n obse rv ed for the qu e nc hed , bran c hed polye thyle ne , SRM 1476, in refere nce [1] . At te mpe ratures abov e 300 K, the drift of DYNH CT -1660 gradually in cr eased to about 0. 15 K min -I at a bout 350 K. S imil ar be hav ior has been noted for SRM-1476 wh e n it was heated a bove room te mpe rature for th e firs t tim e [1] . Calorim e tri c te mperature drifts longe r a nd large r than us ual have also bee n obse rved for th e lin ear polyethyle ne, Marlex 50, sample at te mperatures above 220 K. Below 300 K, the maximum te mperature drift observ ed at 30 min aft er th e termin a ti on of heater input was less than 0.005 K min -I. Near th e hi ghes t meas ure me nt te mpe rature th e drift was still less than 0.01 K min -I.
